ABSTRACT in cultured glomerular mesangial cells and in glomeruli from diabetic mice. miR-192 not only increases collagen expression by targeting the E-box repressors Zeb1/2 but also modulates other renal miRNAs, suggesting that it may be a therapeutic target for diabetic nephropathy. We evaluated the efficacy of a locked nucleic acid (LNA)-modified inhibitor of , in mouse models of diabetic nephropathy. LNA-anti-miR-192 significantly reduced levels of miR-192, but not miR-194, in kidneys of both normal and streptozotocin-induced diabetic mice. In the kidneys of diabetic mice, inhibition of miR-192 significantly increased Zeb1/2 and decreased gene expression of collagen, TGF-b, and fibronectin; immunostaining confirmed the downregulation of these mediators of renal fibrosis. Furthermore, LNA-anti-miR-192 attenuated proteinuria in these diabetic mice. In summary, the specific reduction of renal miR-192 decreases renal fibrosis and improves proteinuria, lending support for the possibility of an anti-miRNA-based translational approach to the treatment of diabetic nephropathy. Diabetic nephropathy (DN) is a major microvascular complication of diabetes and the leading cause of ESRD, which can manifest despite tight glycemic control and various therapeutic interventions. 1 There is thus an imperative need to identify additional biomarkers and novel targets for better management of DN, which is clinically manifested as microalbuminuria, proteinuria, and progressive glomerular dysfunction. The key pathologic features of DN include podocyte loss, mesangial cell (MC) hypertrophy, glomerular basement membrane thickening, and tubulointerstitial fibrosis due to the increased deposition of extracellular matrix (ECM) proteins such as collagens and fibronectin (FN). 2-4 TGF-b1 is increased in several renal cells in diabetes, including MCs, and mediates these profibrotic events, hypertrophy, and cell survival. 3, 5, 6 Therefore, TGF-b has been evaluated as a major target for DN treatment. However, this approach could have drawbacks due to the multifunctional role of TGF-b. Hence, further evaluation of the subtle molecular mechanisms by which TGF-b regulates fibrotic events in renal cells can lead to more effective translational approaches for DN treatment.
Diabetic nephropathy (DN) is a major microvascular complication of diabetes and the leading cause of ESRD, which can manifest despite tight glycemic control and various therapeutic interventions. 1 There is thus an imperative need to identify additional biomarkers and novel targets for better management of DN, which is clinically manifested as microalbuminuria, proteinuria, and progressive glomerular dysfunction. The key pathologic features of DN include podocyte loss, mesangial cell (MC) hypertrophy, glomerular basement membrane thickening, and tubulointerstitial fibrosis due to the increased deposition of extracellular matrix (ECM) proteins such as collagens and fibronectin (FN). [2] [3] [4] TGF-b1 is increased in several renal cells in diabetes, including MCs, and mediates these profibrotic events, hypertrophy, and cell survival. 3, 5, 6 Therefore, TGF-b has been evaluated as a major target for DN treatment. However, this approach could have drawbacks due to the multifunctional role of TGF-b. Hence, further evaluation of the subtle molecular mechanisms by which TGF-b regulates fibrotic events in renal cells can lead to more effective translational approaches for DN treatment.
MicroRNAs (miRNAs) are small noncoding RNAs that are increasingly recognized as critical players in gene regulation and various diseases. [7] [8] [9] [10] Interestingly, a cluster of miRNAs is reported to be highly expressed in the kidney, and recent studies show that key miRNAs are upregulated in the kidneys of diabetic mice. [11] [12] [13] [14] [15] [16] [17] [18] [19] Podocyte-specific deletion of Dicer, a key enzyme in the miRNA biogenesis pathway, depicted proteinuria, renal dysfunction, and several abnormalities. [20] [21] [22] Deletion of Dicer from proximal tubules could protect against renal ischemia-reperfusion injury. 23 However, the in vivo functional relevance of specific miRNAs or their targets in TGF-b signaling and DN pathogenesis is not fully understood. Given that miRNAs are now identified in biologic fluids such as urine and plasma, there is heightened interest in evaluating them as biomarkers of DN and developing translational approaches to block their actions in vivo.
We previously reported that miR-192 is upregulated in TGFb-treated mouse MCs and in glomeruli of diabetic mice and contributed to increased accumulation of collagen in MCs via targeting and downregulating E-box repressors such as Zeb1 and Zeb2. 12 Along with miR-192, there was also increased expression of several other miRNAs, including miR-200b, miR-200c, miR216a, and miR-217 in mouse MCs treated with TGF-b and renal glomeruli isolated from diabetic mice. 12, 15 Several E-boxes were found in the upstream promoter regions of collagen type I a2 (Col1a2), Col4a1, miR-216a/217, and the miR-200 family. 15, 19 Our data suggested that the downregulation of E-box repressors such as Zeb1/2 by miR-192 can upregulate Col1a2, Col4a1, and these downstream miRNAs as well as subsequent Akt kinase signaling to promote MC hypertrophy. 15, 19 These data implicate miR-192 as a master regulator of other key renal miRNAs and downstream genes to regulate TGF-b signaling and renal MC fibrosis associated with DN. 12, 15, 17, 24 In addition, an in vivo role for miR-192 has been suggested in some nondiabetic mouse models of renal fibrosis, 16 and the expression of miR-192 was upregulated in human IgA nephropathy, hypertensive nephrosclerosis, and lupus nephritis. [25] [26] [27] Taken together, these studies suggest that miR-192 may play a critical role in DN pathogenesis; hence, we hypothesized that miR-192 could be a good therapeutic target.
There is great interest in developing RNA-based therapeutics for blocking disease-associated genes and noncoding RNAs. Chemically modified oligonucleotide (oligo) small interfering RNAs and anti-miRNAs have been used to block specific endogenous genes and miR actions in vivo. 28, 29 More recently, locked nucleic acid (LNA)-modified oligos have shown great promise in the field of small interfering RNA and miRNA therapeutics 28, [30] [31] [32] [33] with the development of pioneering LNA antimiR therapies for hyperlipidemia and hepatitis. 32, 33 However, these reports mainly evaluated liver miRNAs due to much easier inherent accessibility of the liver to injected oligos. In this study, we tested for the first time the efficacy of long-term systemically delivered LNA-modified anti-miR-192 to block kidney disease progression in a mouse model of DN.
RESULTS

LNA-Anti-miR-192 Lowers Endogenous miR-192 Levels in a Mouse Model of Type 1 Diabetes
We recently described the systemic delivery of LNA-modified antisense oligos (LNA-anti-miR-192) targeting renal miR-192 in nondiabetic mice, which showed significant accumulation of the anti-miR in the renal cortical tissues along with specific reduction of miR-192 and downstream signaling molecules in short-term experiments (6 hours and 24 hours postinjection). 15 However, the long-term effects of such anti-miRs in the kidney are unknown and, importantly, the renoprotective effects of anti-miR-192 in diabetic mice have not been evaluated. Therefore, we tested the efficacy and therapeutic potential of LNA-anti-miR-192 in type 1 diabetic mice injected with streptozotocin (STZ) at 2, 12, and 17 weeks after LNA-antimiR-192 treatment. The negative control (NC) oligo was LNA-anti-miR-239b targeting a Caenorhabditis elegans sequence unrelated to mice. In six independent experiments with multiple mice in each, we examined the effects of the anti-miR-192 on early (short term of 2 weeks) and later events of DN (long term of 12 and 17 weeks) as well as functional indices of DN ( Figure 1A ).
LNA-anti-miR-192 (LNA) did not alter nonfasting blood glucose levels significantly in nondiabetic (control) or diabetic mice (STZ) compared with negative controls (NC oligo or normal saline) ( Figure 1B ). miR-192 expression levels were significantly increased in diabetic mice tissues (approximately 2.5 fold) compared with nondiabetic controls 2 weeks after diabetes onset, and these increases were significantly ameliorated in both the renal cortex and glomeruli by LNA-anti-miR-192 injection in nondiabetic and diabetic mice ( Figure 1, C and D) . These results demonstrate that LNA-anti-miR-192 can efficiently knockdown endogenous miR-192 levels in diabetic mice.
Efficient and Specific Inhibition of miR-192 in Diabetic
Mice Treated with LNA-anti-miR-192 We next examined the efficacy of anti-miR-192 to downregulate endogenous miR-192 in diabetic mice over longer periods. miR-192 levels were significantly suppressed in both renal cortex and glomeruli of STZ-injected diabetic C57BL/6 mice compared with the negative controls in six independent experiments using mice that were diabetic for 2 weeks, 12 weeks, or 17 weeks (Figure 2A ). This was specific because the levels of another renal miRNA, miR-194, approximately 100b upstream of miR-192 were not altered ( Figure 2B ). We also confirmed that miR-192 levels (but not miR-194) were decreased in nondiabetic mice injected with LNA-anti-miR-192 in these experiments (Supplemental Figure 1, A and B ). These results demonstrate that LNA-anti-miR-192 (relative to NC) is potent and specific in silencing miR-192 expression levels significantly in diabetic mice, and this is sustained over both a shorter time period (2 weeks) as well as longer time periods (12 and 17 weeks). Similar results were also observed in the DBA/2J mouse strain (Supplemental Figure 2, A and B) .
We next examined the effects on miR-192 targets and confirmed a significant increase in the expression levels of Zeb1/ Zeb2 (targets of miR-192) in the renal cortex and glomeruli of diabetic mice injected with LNA-anti-miR-192 (S-LNA) compared with diabetic mice injected with negative control oligos (S-NC) ( Figure 3A ).
Decreased Renal Expression of Profibrotic Genes in Diabetic Mice Treated with LNA-Anti-miR-192
Real-time quantitative PCR showed that mRNA levels of key ECM-associated profibrotic genes-including those known to be regulated by E-box repressors Zeb1/2 such as collagen I(a2) (Col1A2), collagen IV(a1) (Col4A1), TGF-b, connective tissue growth factor, and FNwere significantly attenuated in diabetic mice injected with LNA-anti-miR-192 not only in the glomeruli and cortex in the short term of 2 weeks (Figure 3 , B and C) but also in the cortex in the long term of 12 weeks ( Figure 3D ) and 17 weeks (glomeruli and cortex) (Figure 3 , E and F) compared with NC oligos. Data from nondiabetic controls for ECM gene expression at 2 weeks are shown in Supplemental Figure 3 . These gene expression results showed that LNAanti-miR-192 not only downregulates endogenous miR-192, but also has functional effects by downregulating key profibrotic genes in diabetic mice.
LNA-Anti-miR-192 Treatment Decreases Renal Fibrosis in Diabetic Mice
Diabetic renal disease is characterized by glomerulosclerosis and tubulointerstitial fibrosis due to the increased accumulation of ECM proteins. 2, 3 We observed that both glomerular surface area and mesangial expansion in glomeruli were significantly increased in diabetic renal cortical sections at 2 weeks compared with nondiabetic mice, and these parameters were significantly attenuated in diabetic mice injected with LNA-anti-miR-192 (periodic acid-Schiff 
Effects of LNA-Anti-miR-192 on Renal Hypertrophy and Oxidant Stress in Diabetic Mice
Renal hypertrophy is a key event in the pathogenesis of DN. Evidence shows that miR-192 plays an important role in mesangial hypertrophy by regulating Akt kinase and its downstream targets via a miRNA-based signaling circuit. 15, 35 Here, we confirmed increased Akt kinase activity (P-Akt) in cortical lysates of diabetic mice compared with nondiabetic mice, and this was significantly reduced in diabetic mice treated with LNA-anti-miR-192 ( Figure 6 , A and B). Phosphorylation of FoxO3a, a key downstream target of Akt kinase, showed an increased trend in diabetic mice, and this was attenuated, although not significantly, by LNA-anti-miR-192 ( Figure 6 , A and C). The kidney weight/ body weight ratio, a hallmark of renal hypertrophy, was significantly decreased in diabetic mice injected with LNA-antimiR-192 at 12 weeks ( Figure 6D ) but did not reach statistical significance at 17 weeks ( Figure 6E ). These results suggest that renal hypertrophy in diabetic mice may be ameliorated by LNA-anti-miR-192 via inhibition of the Akt signaling pathway.
Evidence shows that manganese SOD (MnSOD), an antioxidant protective gene, can also be downregulated by miR-192 through the Akt/FoxO3a signaling pathway. 15, 35 We observed that MnSOD levels were decreased in diabetic mice compared with nondiabetic mice, and this was reversed in mice treated with LNA-anti-miR-192 ( Figure 6F ), suggesting that LNA-anti-miR-192 treatment may exert protective effects by also reducing renal oxidant stress in diabetic mice. The proposed mechanism of action of LNA-anti-miR-192 leading to decreased hypertrophy and oxidant stress is shown in Figure 6G .
LNA-Anti-miR-192 Treatment Decreases Proteinuria and Albuminuria in Diabetic Mice
Key hallmarks of DN include polyuria, microalbuminuria, and proteinuria. We evaluated these important parameters in the diabetic mice treated with LNA-anti-miRs in the long-term experiments at 12 weeks and 17 weeks (experiments 1 and 2). Urine volumes in diabetic mice injected with LNA-anti-miR-192 were lower than in control diabetic mice without anti-miR injection in the 12-week experiments ( Figure 7A ). Urine protein levels were also attenuated in parallel and this reached statistical significance by 11 weeks ( Figure 7B ). Similar results from the 17-week experiments showed attenuation of the diabetes-induced increase in urine volume in mice treated with LNA-anti-miR-192 ( Figure 7C ). Urine total protein levels were significantly increased beginning about 6 weeks after diabetes onset and persisted until 17 weeks. This proteinuria was significantly attenuated by LNA-antimiR-192 beginning around week 11 that persisted until week 13 ( Figure 7D ). We next evaluated the effect of LNAanti-miR-192 on urine albumin levels by using Coomassie blue staining. A significant increase in the intensity of proteins around the albumin molecular weight region was detected in urine samples from diabetic mice compared with nondiabetic mice, and this was significantly attenuated in diabetic mice injected with anti-miR-192 ( Figure 7, E and F) . Overall, although there was some variation from mouse to mouse in these long-term functional studies, the results from three independent long-term experiments suggest that LNAbased miR-192 inhibitors decrease proteinuria and albuminuria in diabetic mice.
LNA-Anti-miR-192 Did Not Cause a Significant Increase in Toxicity Evaluation of potential toxicity in the mice injected with anti-miRs is an important step in assessing the overall clinical and therapeutic utility of LNA-anti-miR-192. Results from serum toxicity profiles (Table 1) show that LNA-anti-miR-192 did not cause a significant increase in toxicity even in diabetic animals over both the short-term and longterm periods (2-17 weeks). We also did not observe any mortality in these experiments.
DISCUSSION
We and others recently showed that miR-192 is upregulated under diabeticconditions such as TGF-b or high glucose-treated MCs and in glomeruli from diabetic mice. 12, 14, 15, [17] [18] [19] 24 Because miR-192 can also regulate several other renal miRNAs with functions related to DN and promote the expression of fibrotic genes and MC hypertrophy, 9, 12, 15, 18, 19 we evaluated miR-192 as a target for the treatment of DN. In this study, we evaluated for the first time the efficacy of delivering LNA-modified oligos to the kidneys of diabetic mice with repeated injections over long time periods, and more specifically the therapeutic potential of LNA-anti-miR-192 in mouse models of DN. We confirmed increased levels of miR-192 in diabetic mice, consistent with our earlier results. 12, 15, 17 Furthermore, we found that LNA-anti-miR-192 inhibits endogenous miR-192 levels very efficiently and specifically even in diabetic mice; in parallel, LNA-anti-miR-192 could decrease the levels of profibrotic genes, due at least in part to the increases in expression of the miR-192 targets Zeb1/2. LNA-anti-miR-192 could also attenuate histologic evidence of glomerular expansion and renal fibrosis, as well as confer improvements in kidney functions (urine volume, total protein and albumin levels) in diabetic mice. Because LNA-anti-miR-192 treatment did not affect blood glucose levels in diabetic mice, the renal beneficial effects are more likely due to the inhibition of miR-192 in the kidney. Because we observed an increase in Zeb1/ 2 levels and a parallel decrease in profibrotic genes, Col1a2, Col4a1, TGF-b, connective tissue growth factor, and FN in diabetic mice treated with LNA-anti-miR-192, the molecular mechanisms regulated by miR-192 in vivo (decrease of E-box repressors Zeb1/2, loss of repression, and subsequent transcriptional upregulation of profibrotic genes) may be the same as in the in vitro experiments using mouse MCs treated with TGF-b. 12, 15, 17, 19 The decrease in TGF-b by the anti-miR-192 is likely due to de-repression at E-boxes in its promoter.
Increased glomerular expansion and renal hypertrophy in the diabetic mice were also significantly decreased with LNA-anti-miR-192 treatment. Akt kinase activation was reduced, whereas levels of the antioxidant gene MnSOD were increased in mice injected with LNA-anti-miR-192. These results further complement previous in vitro findings that miR-192 is a key upstream mediator of mesangial hypertrophy. 12, 15, 19 LNA-antimiR-192 most likely decreases renal hypertrophy via a dual mechanism wherein decreased Akt levels attenuate protein synthesis in one arm, whereas in the other, the attenuation in P-FoxO3a levels may augment downstream MnSOD to reduce oxidant stress. However, because miR-192 can have other targets, 36-39 other mechanisms and pathways related to DN may also be affected by LNA-anti-miR-192, including those in other renal cells such as tubular cells and podocytes. 4 Additional studies are needed to evaluate such mechanisms. Our results suggest that by downregulating profibrotic genes (TGF-b and collagens), renal fibrosis (ECM staining), hypertrophy (P-Akt), and oxidant stress (increasing MnSOD), LNA-anti-miR-192 can cumulatively decrease kidney injury with improvements in proteinuria and albuminuria in diabetic mice. Furthermore, LNA-anti-miR-192 did not significantly increase toxicity. A scheme for the proposed mechanism of renal protection by LNA-anti-miR-192 in diabetic mice is shown in Figure 8 .
To our knowledge, this is the first demonstration of the in vivo beneficial effects of LNA-anti-miR against profibrotic gene expression even at 17 weeks after diabetes onset in the STZ mouse model. The decrease in profibrotic genes was more significant in glomeruli than in renal cortical tissues (Figure 3, A-C) , possibly due to the presence of other tubular components in the cortical tissues or to potential difference in miR-192 actions in tubular epitheliumlike cells 19, 40, 41 versus mesangial or other renal cells. In addition, we observed more profound inhibitory effects on the gene expression at earlier time points (2 weeks) than at later stages of diabetes (17 weeks). This was also evident in the protection against proteinuria, which was significant at 11-13 weeks but not later. Although the exact mechanisms are not fully clear, this could be due to the fact that we decreased the frequency of LNA-anti-miR delivery to once weekly at later points in the 17-week study, or it may be due to other potential compensatory mechanisms initiated by the mice at later time points. In addition, the systemic delivery may potentially affect functions in other organs expressing miR-192. Furthermore, the exact mechanisms underlying the reduction in urine volumes in the diabetic mice treated with LNA-antimiR-192 are not fully clear.
A report by Krupa et al. showed that the renal levels of miR-192 were decreased in patients with severe DN, 40 but miR-192 levels in control healthy volunteers were not provided. It is possible that although patients with severe DN had lower miR-192 levels than those with earlier stages of DN, they might still express higher miR-192 relative to healthy controls. In addition, some studies show that TGF-b can decrease miR-192 expression in proximal tubular cells and other renal cell lines, 40, 41 whereas other studies show an increase, including our studies (in MCs and diabetic mice glomeruli) 12, 15, 19 as well as those of Chung et al. (in tubular cells), 16 Long et al. (in db/db mice glomeruli, high glucose-treated endothelial cells, and podocytes), 18 Wang et al. (in STZ mice kidneys), 42 Karolina et al. (in human diabetes and a diabetic rat model), 43 and Wang et al. (in high glucose-treated human MCs. 14 With the miR-200 family members, some studies showed an increase 18, 19, 44 and others showed a decrease. 45, 46 The reasons for these conflicting results are not clear but could be due to cellspecific effects as indicated earlier, as well as the role of p53 in renal cells. It is not clear if the tubular epithelium-like cell lines commonly used have mutant p53 or altered actions of transcription factors, all of which can affect the expression of basal and induced miRNAs, including the response to TGFb. 47 Our experiments using wild-type mice and cells (with wild-type p53 and other genes) show an increase in miR-192 levels. Furthermore, we did not detect any adverse renal pathology in nondiabetic mice injected with LNA-anti-miR-192 despite significant decreases in miR-192 levels, suggesting that lowering miR-192 levels does not have detrimental effects in the kidney.
Taken together, our current studies reveal for the first time that LNA-based miR inhibitors such as LNA-anti-miR-192 can very efficiently and specifically reduce renal miR-192 levels, profibrotic genes, renal fibrosis, renal hypertrophy, and oxidant stress in diabetic mice over short-and longterm treatment periods. Notably, LNAanti-miR-192 also improved some kidney functions in diabetic mice by decreasing polyuria, proteinuria, and albuminuria without toxicity. Thus, LNA-anti-miR-192 may be useful to treat or prevent DN. In addition, LNA-anti-miR-192 might also be useful for nondiabetic kidney diseases in which miR-192 levels are significantly increased, such as IgA nephropathy, hypertensive nephrosclerosis, and lupus nephritis. [25] [26] [27] In summary, these findings are promising for future evaluation of the clinical utility of inhibitors targeting key pathologic renal miRNAs for the treatment of DN.
CONCISE METHODS
Materials
LNA-anti-miR-192 and LNA-anti-miR-239b (NC) were from IDT Inc (Coralville, IA) and Exiqon USA Inc (Woburn, MA). 15 RNA-STAT 60 was from Iso-Tex Diagnostics Inc (Friendswood, TX). TRIzol reagent was from Invitrogen (Carlsbad, CA). Gene Amp RNA-PCR and SYBR green real-time PCR kits were from Applied Biosystems (Foster City, CA). miScript cDNA synthesis and real-time PCR kits were from Qiagen (Valencia, CA). The 18SII primers were from Ambion 
Animal Studies and DN Model
All animal studies were performed according to approved Institutional Animal Care and Use Committee protocols in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Male mice (C57BL/6JorDBA2Jstrain) aged 9 weeks were purchased from Jackson Laboratories and made diabetic with STZ as previously described. 48 Briefly, mice were fasted for 4 hours followed by intraperitoneal STZ injections (50 mg/kg) for 5 consecutive days per the Animal Models of Diabetic Complications Consortium low-dose STZ protocol. Blood glucose levels were monitored 1 week after the last STZ injection using the Alphatrak glucose meter (Abbott Laboratories, Abbott Park, IL). Mice with nonfasting blood glucose levels .400 mg/dl were considered diabetic. Each group had at least three mice per group and at least five to six mice in the STZ groups for potential mortality, although none was noted. Overall, we assessed 69 diabetic mice in the six experiments.
LNA-Anti-miR-192 Delivery to Control and Diabetic Mice
LNA-anti-miR-192 and control LNA-anti-miR239b (NC) were dissolved in RNase-free sterile PBS to a working concentration of 1 mg/ml before injections and delivered to mice subcutaneously at 40 mg or 40 ml (1 mg/ml) per mouse, which is approximately equivalent to 2 mg/kg. LNA-antimiR-192 or control injections were given twice weekly (2-week and 12-week groups) and twice weekly for weeks 1-4 and then once a week for the weeks 5-17 after diabetic onset (17weeks, experiments 1 and 2).
Real-Time qPCR
Real-time qPCR was performed on a ABI-7300 machine (Applied Biosystems) using SYBR green master mix (Applied Biosystems). Briefly, 0.3-1 mg of total RNA from the kidney cortex or glomeruli was used to synthesize cDNA by reverse transcription using miScript kits (Qiagen) to detect the miRNAs and genes as described previously. 12, 15, 19 18SII RNA served as the internal control (Ambion). Primer sequences are listed in Supplemental Table 1 .
Serum/Plasma Toxicity Analyses
Undiluted serum samples from the mice (80 ml/4 analytes) were sent to the diagnostic laboratory (RADIL, Columbia, MO) for clinical biochemistry panels to evaluate liver toxicity. All clinical parameters were measured on an Olympus AU680 analyzer.
Isolation of Glomeruli from Mouse Kidneys
Kidneys from experimental mice were harvested using sterile techniques, capsules were removed along with adjacent fat, and glomeruli were isolated as described previously. 48 
Urine Protein and Albumin Assays
Urine was collected from mice using metabolic cages for a 24-hour period, and was then evaluated for the amount of protein (in milligrams) as described previously 48 using detergent-compatible protein assay kits (BioRad Inc, Hercules, CA) according to the manufacturer's instructions. Urine aliquots were then evaluated for the amount of albumin (micrograms per milliliter) to monitor renal function by running the samples on SDS-PAGE and staining the gels with Coomassie blue. Major urinary protein staining was used as internal control.
Histologic Staining
Tissues were fixed immediately in 10% buffered formalin solution after harvesting and were submitted to the Anatomic Pathology Core at City of Hope Medical Center to obtain paraffinembedded sections. To evaluate kidney structural function and ECM deposition, sections were processed for hematoxylin and eosin, PAS, Masson trichrome, and silver staining.
Morphometric Analyses
Images were captured using an Olympus DP72 Microscope Digital Camera and were processed with DP2-BSW software. Glomerular area and mesangial expansion index were quantified using Image-Pro Plus 5.1 software (Media Cybernetics Inc, Bethesda, MD).
Statistical Analyses
Data are expressed as mean 6 SEM. Paired t tests were used to compare two groups. Statistical significance was detected at the 0.05 level. Increased levels of Zeb1/2 then downregulate several profibrotic genes such as TGF-b, collagens, and other miRs via increased repression at E-boxes leading to decreased fibrosis, hypertrophy, and proteinuria to confer renal protection in diabetic mice.
